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Introduction
============

Nerve root avulsion is a severe form of nerve root injury characterized by a complete tear of one or more of the spinal nerve roots. Avulsion injuries are commonly associated with impact or traction caused by high-energy trauma during a motor vehicle collision (MVC) \[[@REF1]-[@REF2]\]. Pseudomeningocele formation occurs subsequent to avulsion injury due to an accumulation of cerebrospinal fluid (CSF) in the collaterally damaged meninges surrounding damaged nerve roots \[[@REF3]\]. Hematoma formation and resultant mass effect are less common complications \[[@REF4]\]. Neurological deficits associated with nerve root avulsion range from partial motor function loss to complete paralysis and may be repaired surgically \[[@REF1],[@REF5]\]. Magnetic resonance imaging (MRI), physical exam, and nerve conduction studies are used in combination to localize the injury and determine the extent of neurological deficits \[[@REF6]\]. Here, we present a rare and interesting case of nerve root avulsion with pseudomeningocele and epidural hematoma formation following an MVC. Informed consent was obained from the patient for this study.

Case presentation
=================

We present a case of a 19-year-old male who presented following an MVC with a somatic dysfunction classification of TART (tissue texture change, asymmetry, restriction, and tenderness) II. He had sustained multiple injuries, including right femur fracture, left pubic symphysis fracture, bilateral rib fractures with trace pneumothoraces, and right arm paralysis. The patient was stabilized following admission and a neurologic consult was requested. The neurological examination demonstrated 0/5 muscle strength in all muscle groups of the right arm with intact sensation and 2+ pulses throughout. Both computerized tomography (CT) and MRI of the cervical vertebrae and right brachial plexus without contrast showed no spinal fractures but demonstrated empty nerve root sleeves of the right C5-C8 levels, suggesting traumatic avulsive injury with the development of pseudomeningoceles (Figures [1](#FIG1){ref-type="fig"}-[3](#FIG3){ref-type="fig"}). The patient also suffered from a right anterior epidural hematoma from C2-T4 with posterior displacement of the right hemicord and thecal sac effacement. A dorsal epidural hematoma was also noted from the T1 level caudally out of view of the cervical MRI. A subsequent thoracic spine MRI with gadolinium contrast demonstrated that the dorsal hematoma caused ventral cord displacement from T3-T11 with complete thecal sac effacement from T4-T9, then tapered caudally out of view of the MRI images without further mass effect. Despite the significant mass of the patient\'s epidural hematomas and the forces they presented on the spinal cord, the patient had no additional complaints of loss of sensation, motor control, or incontinence. As such, it was determined that the most appropriate action would be the conservative management of the epidural hematomas. A Physical Medicine and Rehabilitation consult was ordered to assess the extent of his injuries, and his right upper extremity was placed in a brace. The patient remained stable in the intensive care unit and was eventually transferred to an inpatient rehabilitation facility for further management.

![Sagittal right side of cervical spine.\
Sagittal T2 sequence through the right side of the cervical spine demonstrates the hyperintense and enlarged foramina consistent with pseudomeningoceles in the lower cervical spine. There are no nerve roots exiting the foramina at the involved levels.](cureus-0009-00000001028-i01){#FIG1}

![Coronal cervical spine.\
Coronal T2 sequence again demonstrates hyperintense signal in the right aspect of the cervical spine, causing deviation of the cord to the left and remodeling of multiple right-sided neural foramina.](cureus-0009-00000001028-i02){#FIG2}

![Right-sided pseudomeningocele.\
Axial T2 sequence reveals the right-sided pseudomeningocele manifested as a T2 hyperintense signal, similar to CSF, between the spinal cord and right neural foramen. Note the long-standing enlargement of the right neural foramen.](cureus-0009-00000001028-i03){#FIG3}

Discussion
==========

Nerve root avulsion is a devastating injury that can lead to lifelong neurological deficits including complete limb paralysis. The causes of injury include sports accidents, MVCs, falls, gunshot wounds, and the use of forceps at birth. Pseudomeningocele formation is a well-documented phenomenon associated with avulsion injuries. Surgical management aims to transfer peripheral nerve grafts, yielding limited results \[[@REF7]\]. Bertelli and Ghizoni demonstrated the recovery of deficits in six of eight surgically managed patients and emphasized rapid intervention, considering time-related neuronal loss \[[@REF7]\]. However, the recovery noted in these patients was located purely in the proximal muscle groups; the level of recovery was limited and required direct implantation into the spinal cord \[[@REF7]\].

Spinal epidural hematoma (SEDH) is an uncommon manifestation of traumatic nerve root avulsion, accounting for less than one percent of all spinal injuries \[[@REF8]\]. It is suspected that the blood is venous in origin due to the richly vascularized venous plexus surrounding the spinal cord \[[@REF9]\]. SEDH may have a spontaneous etiology, although vertebral fracture, birth trauma, lumbar puncture, and surgical complications are acute causes. Cervical spondylosis, rheumatoid arthritis, Paget's disease, and ankylosing spondylitis are thought to be predisposing factors for this condition \[[@REF8]-[@REF9]\]. SEDH is considered a medical emergency due to the complications associated with the mass effect and long-term deficits, requiring prompt MRI and possibly surgical intervention \[[@REF8],[@REF10]\]. Time to surgery and degree of preoperative deficits are the best prognostic indicators when considering patient outcomes \[[@REF9]-[@REF10]\]. An analysis, by Foo and Rossier, of 154 patients with spinal epidural hematoma stratified patients by time to intervention and found that surgical decompression within 36 hours was associated with complete recovery in 33% of patients and partial recovery in 46% of patients \[[@REF9]\]. However, when the patient\'s neurologic course is stable or improving, surgical intervention is not necessarily indicated and conservative management of the SEDH may be initiated \[[@REF7]\]. Our patient presented with two cervicothoracic SEDHs that were subsequent to nerve root avulsion and pseudomeningocele formation. This constellation of findings was particularly unique and is a reminder to consider these rare complications in the diagnosis and management of avulsion injuries.

Conclusions
===========

Traumatic brachial nerve root avulsion with pseudomeningocele formation is a devastating injury that, in the case presented, produced permanent paralysis of the right upper extremity. Though nerve grafts are a promising route of treatment of avulsive injury in the future, significant research into the biomechanics of nerve grafting and improvements in surgical technique are required. Further, the avulsive injury to four nerve roots of the brachial plexus was complicated by spinal epidural hematoma formation and mass effect on the spinal cord throughout the cervical and thoracic regions. Venous blood is thought to be the source of hematoma formation, owing to the intimal involvement of the spinal venous plexus. Preoperative deficits and time to surgery are the best prognostic indicators associated with hematoma formation when there is an evidence of compressive myelopathy. Though our case illustrated two asymptomatic spinal epidural hematomas that were treated conservatively due to the absence of compressive myelopathy symptoms, the case details the importance of identifying and treating such a potentially reversible cause of permanent neurological damage. 
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